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异性地与核受体法尼醇受体（FXR）结合，调节 FXR 与辅因子的结合并通过 FXR
参与代谢的调节。Ivermectin 与 FXR 结合，诱导 FXR 募集辅激活因子，这与 FXR
的完全激活剂GW4064是一致的，但诱导募集辅激活因子的能力较GW4064弱；
然而，我们惊奇地发现 ivermectin 与 FXR 结合后，在一定的程度上能够诱导 FXR
募集辅抑制因子，例如SMRT和NCoR，这与GW4064是不同的，这表明 ivermectin
能够调节 FXR 募集辅抑制因子的能力。Ivermectin 和 FXR LBD 复合物晶体结构
显示 ivermectin 结合于 FXR 的配体结合口袋内，呈现独特的结合模式，主要表
现为高度动态的 AF-2 螺旋和扩大的配体结合口袋。与 GW4064/FXR LBD 复合
物相比较，ivermectin 的结合导致 Helix 2 和 Helix 6 向外偏移；复合物晶体结构
和点突变实验证明 ivermectin 和 GW4064 与 FXR LBD 结合的结构机制在很大程
度上是不相同的。在小鼠体内试验中，我们利用野生型和 FXR 敲除小鼠模型，
发现 ivermectin 能够降低野生型小鼠血清中葡萄糖和胆固醇的水平，但对 FXR
敲除鼠没有明显的影响，这表明 ivermectin 对于小鼠体内代谢的调节是直接依赖
于 FXR 的。在糖尿病模型小鼠 KK-Ay 中，与 FXR 激动剂 GW4064 相比较，
ivermectin 能够更好地改善高血糖症状并提高胰岛素的敏感性，同时在一定程度
上抑制高脂喂食诱导的小鼠体重增加，表明 ivermectin 作为 FXR 的配体在调节
糖稳态和体重方面要优于 GW4064。鉴于 ivermectin 作为一种抗寄生虫药物已经



































We report here the identification of ivermectin, an antiparasitic drug, as an 
unexpected ligand for nuclear receptor FXR by high-throughput compound library 
screening, thereby uncovering the first mammalian target protein of ivermectin with 
high selectivity. Ivermectin regulates the transcriptional activity of FXR with 
distinctive properties in modulating coregulator recruitment. Ivermectin enhanced the 
interaction of FXR with various coactivator LXXLL motifs from the family of steroid 
receptor coactivators (SRC1-2, SRC2-3 and SRC3-3), with a less extent than that of 
GW4064. To our surprise, ivermectin also induced the recruitment of corepressor 
SMART2 and NcoR-2 by FXR, which is distinct from GW4064. The selective usage 
of coregulators may contribute to the unique characteristics of ivermectin in 
modulating FXR activity in metabolism. 
Crystal structure of ivermectin complexed with the ligand binding domain (LBD) 
of FXR reveals the unique binding modes of ivermectin in the FXR ligand-binding 
pocket, including the highly dynamic AF-2 helix and an expanded ligand binding 
pocket. Superposition of structures of FXR/ivermectin and FXR/GW4064 revealed 
that both ligand-bound FXR LBDs aligned well with ligands occupying the similar 
space in the FXR pocket, but helix 2 and helix 6 were shifted outward and also 
distorted to make extra space to accommodate the larger size of ivermectin, resulting 
in the substantial expansion of the pocket size in comparison with GW4064-bound 
FXR LBD. Mutagenic analyses showed distinct results on the activation of FXR by 
ivermectin and GW4064, highlighting the differential roles of FXR pocket residues in 
recognizing various ligands. 
Treatment of wild-type mice, but not FXR-null mice, with ivermectin decreases 
serum glucose and cholesterol levels, suggesting that ivermectin regulates metabolism 
by directly targeting FXR, and ivermectin is preferable in improving hyperglycemia 
and inhibiting body weight gain in diabetes mice of KK-A
y
 compared with GW4064. 
Our results suggest that ivermectin as a novel FXR ligand may possess advantages 
















that ivermectin is already a clinical drug approved by the FDA, our findings reveal an 
alternative template for design of FXR ligands with therapeutic potentials to rapid 
clinical applications by providing a safe lead compound. Moreover, given the fact that 
the molecular targets of many FDA drugs are still not clear, our study also validates a 
powerful screening strategy for the search of novel lead compounds for nuclear 
receptors as well as other molecular targets based on existing drugs, which also opens 
up many potentials for old drugs. 
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